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© A light curable dental composition is provided. The com- 
position comprises an ethylene unsaturated compound and a 
light rxtfyrnerization initiator. The light polymerization initiator 



is selected from a combination of an organic peroxide and a 
pyrylium salt compound of. 
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wherein R n R, and R, each represents a hydrogen 
atom, analkyl group and the like, X stands for an oxygens 
sulfur atom and Y for an anionic functional group- a polv- 
peroxy ester containing a benzophenone group; and a com- 
bmation the potyperoxy ester and an a-diketone. 
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Light Curable Dental Composition 



BACKGROUND OF THE INVENTION: 



Field of the Invention; 

5 

The present invention relates Generally to a light cur- 
abte dental composition, and more particularly to a dental 
composition which can be cured by irradiation of light to be 
utilized for teeth crown materials, denture base materials, 
dental cementing materials.dental bonding materials, dental 10 
filling materials, dental impression materials and caries- 
preventive materials. 

Related An Statements; 

Heat-potymerizabte dental compositions wherein organ- 
ic peroxides, such as benzoyl peroxide, are used as the 
potymerization initiators and coW-setting type dental com- 
positions wherein Redox type pc4ymerization initiators, such 
as a combination of benzoyl peroxide with a tertiary amine, 20 
are used as the polymerization initiators have been known 
in the art Further known in the art is a composition contain- 
ing a sensitizer such as benzoin alky! ether to be cured by 
irradiation of ultraviolet rays. 

However, the known heat-poiymerizabte and cold- 25 
setting type dental compositions have a disadvantage that 
the cured resins tend to contain air bubbles to lower the 
mechanical strengths and water-proof properties, since they 
are prepared by mixing a powder with a liquid or kneading a 
paste with another paste. In addition, the heat-porymerizable 30 
dental compositions have another disadvantage that a com- 
plicate and time-consuming operation is required for poly- 
merization. On the other hand, the cold-setting type dental 
compositions have additional disadvantages that the curing 
speed thereof is too high to cause difficulties in clinical 35 
operation, and that the formed denture is colored to deterio- 
rate the appearance due to the undesirous action by the 
tertiary amine. 

The composition containing an ordinary light polymer- 
ization initiator sensitive to ultraviolet rays, such as benzoin 40 
alkyl ether, gives rise to problems that the transmittance to 
urtravTotet rays effective to polymerization or curing is so tow 
as to limit the depth of cured composition only to less than 
2 mm resulting in unsatisfactory curing depth, that a filter or 




wherein R„ R, and R, each represents the same or 
different atom or group and stands for a hydrogen atom, a 
halogen atom, an alkyl group, a haloalkyl group, an ethyleyl 
group, a styryf group, an alkoxy group, a phenyl group, a 
naphthyt group, an alkylphenyi group, an aJkoxyphenyl 
group, a hydroxyphenyl group, a haiophenyi group, a 
rwtrophenyi group, an aminophenyi group, an al- 
kytaminophenyi group, an aJkytamirrostyryi group, a nrtro 



other protection means is indispensable since the ultraviolet 
rays contain the rays having wavelengths of less than 320 
nm which are harmful to human being, and that the lifetime 
of a mercury lamp used as the irradiation source is short so 
that the lamp is damaged soon. 

Further known in the art is an one-paste type dental 
composition containing a light porymerization initiator. How- 
ever, the known dental composition of this type has dis- 
advantages that the mechanical strengths, particularly the 
bending strength, of the cured product is low, and that it is 
inferior in handling ease or operation facility when used in 
practical operation. 

OBJECTS AND SUMMARY OF THE INVENTION: 

A primary object of this invention is to provide a light 
curable dental composition which can be readily cured by 
irradiation of light within a short time period to give a cured 
product which is set deep in the interior region thereof. 

Another object of this invention is to provide a light 
curable dental composition which is inexpensive and ex- 
cellent in curing property, and yet ensures safe and easy 
operation in clinical application. 

A further object of this invention is to provide a light 
curable dental composition which forms a colorless cured 
product of clear appearance. 

A still further object of this invention is to provide a 
light curable dental composition which has a surface of 
lower adhesiveness to make the handling in clinical opera- 
tion easier and forms a cured product having higher me- 
chanical strengths including the bending strength. 

A above and other objects of the invention will become 
apparent from the following description. 

A light curable dental composition provided in accor- 
dance with the present invention comprises an ethytenic 
unsaturated compound and a light porymerization initiator, 
said light porymerization initiator being selected from the 
group consisting ofc 

(a) a combination of an organic peroxide and a pyryiium salt 
compound represented by the following general formula [I] 
ot 



• • • m 



group, an amino group or a hydroxy! group, X stands for an 
oxygen atom or a sulfur atom and Y for an anionic func- 
tional group; 

(b) a polyperoxy ester containing a benzophenone group 
and represented by the following general formula [II] of: 
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wherein R, and R,* each represents the same or different 
group and stands for a tertiary aikyl group having 4 to 8 
carbon atoms or a tertiary araJkyi group having 9 to 12 
carbon atoms and R 2 and R,' each represents the same 
or different atom or group and stands for a hydrogen atom, 
a tertiary alkoxy group having 4 to 8 carbon atoms or a 
tertiary araJkyioxy group having 9 to 12 carbon atoms; and 

(c) a combination of said poiyperoxy ester represented by 
the general formula [II] and an a-diketone. 



DESCRIPTION OF THE INVENTION: 

The present invention will be described in detail herein- 
below. 

The light curable dental composition, according to the 
invention, comprises an ethylene unsaturated compound 
and one or more of specific fight rjofymerizatfon initiators. 

Any ethytenic unsaturated compounds which have 
been amventionalJy used in the dental compositions may be 
used c»riveriiently in the composition of the invention, the 
examples being afcrivatives of methacryiic acid, such as 
methyl rnetriacrylate, 2-hyoraxyethyl methacryiate, neopen- 
tyfgiyco! dirnethacrylate, 1,4-butanediol dimethacrylate, 
ethyieneglycoi dimethacrylate, diethyfenegiycol 
dimethacrylate, trietriyleneglycol dimethacrylate, 
l»lyettyleneglycol dimethacrylate, propyteneglycol 
dimetteicrylate, ojpropyleneglycol dirrajthacryiate, 
tripropyteneglycol tfrrwthacryiate. rjdypropyterwgiycol 
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dimethacrylate, tetrorr^ylolmethane trimethacrylate, 
tetrametr^methane tBtramethacryiate, hex- 

a™etryler*gtycol dirnethacrylate, 
2,2-bis(4-rnetriac^xyphenyI)prop3r«, 
2,2«bis(4-rr»ir>acr^ 

2^-ris(4-metr«cryloxypo^ 

2.2-bis[4^3-rnethacry^ 

e, l.2-bis<3-rnethacryl^ 

^2-bis(4-rr«tr«crytoxyprier^ 

2-hydroxy-1,3<iinietriacrytox^ ^ 
2-nrcrtrwicryicxye^^ dicar- 
bamate. 24tyoYoxy-3-pr^xyrjrr4)y| methacryiate, 
2-riyoroxy-3-p-t-butytpf>erw^^ methacryiate, 
methacrytaxyemyl^ acidf 
4-rnethacrytoxyethyl trimellitate anhydride and mixtures 
thereof. Other derivatives of acrylic acid, styrene and de- 
rivatives of styrene may also be used m the present inven- 
tion. Curable resins having mateate, fumarate, aUyi or 
(meth)acrylate groups, unsaturated polyester resins, unsatu- 
rated acrylic resins, or acryiate oligomers modified with 
eocyanate, pciyester-acryl oligomers, rjdyether-ecryi 
oligomers, etc may be used in the present invention. 

The specific light polymerization initiator which may be 
used in the invention is selected from the group consisting 
of: 

(a) a coronation of an organic peroxide and a pyrytium salt 
compound represented by the following general formula 0] 
of; 




Y0 



wherein R„ R t and R, each represents the same or 
different atom or group and stands for a hydrogen atom, a 
halogen atom, an alkyl group, a haJoalkyf group, an 
ethylenyl group, a styryi group, an alkoxy group, a phenyl 
group, a naphthyl group, an alkylphenyi group, an alkox- 
yphenyl group, a hydroxyphenyl group, a halophenyl group, 
a nitnophenyl group, an aminopnenyl group, an al- 
kylaminophenyl group, an alkylaminostyryl group, a nitro 
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group, an amino group or a hydroxy! group, X stands for an 
oxygen atom or a sulfur atom and Y for an anionic func- 
tional group; 

(b) a poiyperoxy ester containing a benzophenone group 
and represented by the following general formula [II] of: 
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wherein R, and R,' each represents the same or different 
group and stands for a tertiary aikyl group having 4 to 8 
carbon atoms or a tertiary aralkyi group having 9 to 12 
carbon atoms and R, and R,' each represents the same 
or different atom or group and stands for a hydrogen atom, 
a tertiary aikoxy group having 4 to 8 carbon atoms or a 
tertiary aralkytoxy group having 9 to 12 carbon atoms; and 

(c) a combination of the polyperoxy ester represented by 
the general formula [ll] and an a-diketone. 

Initially, the light polymerization initiator which is the 
combination of an organic peroxide and a pyryiium salt 
compound represented by the aforementioned genera] for- 
mula [I] will be described. 

A single or a cornbinafon of two or more organic 
peroxides, each having one or more oxygen-oxygen bonds 
in one molecule, may be used in the invention, the specific 
examples being methyl ethyl ketone peroxide, cycJohex- 
anone peroxide, acetyiacetone peroxide, 
l,l-bis(t-butylperoxy)cyctohsxane, t-butythydropemwde, 
cumene rryoVoperoxide, diisopropyibenzene hydroperoxide, 
p-menthane rrydrcoeroxide, di-t-butyi peroxide, t-butyicumyl 
peroxide, dicumyl peroxide, 

2,5-dimetrryl-2,5<Ji(t-t3uty^ acetyl peroxide, 

octanoyl peroxide, lauroyl peroxide, 3,5^-trimethyihexanoyl 
peroxide, benzoyl peroxide, ditsopropyiperoxy dicarbonate, 
di-2-ethyfhexy|peroxy dicarbonate, 
di(3-rnetrryl-3-metrwxybuW ^carbonate, t- 

butyiperoxy isobutylate, t-butylperoxy octanoate, t- 
butyiperoxy benzoate, di-t-butyidiperoxy isophthalate, 
2,5-dirr«trryl-2,5^(benzoylperoxy)hexane^ 
3,3\4,4'-tetra-(tertiaryb<rtylpe^ 

tri(t-butylperoxy) trimeJIitate, 

3 t 3\4,4 t -tetra-(t-amylperoxycartxxtv^ 

3,3\4,4 , -tetra-(t-riexyiperoxycarbonyi)benz^ 

3,3\4,4Metra-(t-octylperoxycaJt>on^ 

3,3\4,4'-tetra-(ajmylp^ 

3,3\4.4 , -tetra-(r>isoprocylcurrry1pe^ 

ne, and mixtures thereof. 

A single or a combination of two or more pyryiium salt 
compounds may be used in the invention, and the examples 
of the pyryiium compound include pyryiium salts and 
thlopyrylium salts represented by the general formula [I] 
wherein the anionic functional group Y is perchlorate. 
flijoroborate. fluorophosphonate, fluoroantimonate, 
cnloroaluminate, sulphuracetate, methosulfate, thiocyanate, 
sulfate, nitrate or acetate. 

The specific examples of the compounds represented 
by the general formula [I] will be listed as follows: 

4-(4-butoxyphenyi)-2,6-bis(4-mot^ 
fluoro borate, 
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4-(4-butoxyrjhenyl)-2 t 6-dipnen^ fluoroborate, 

4-(4-biJtoxyrjrien^ 
fluoroborate, 

2,6-bis{4-metrK3xypherrylH-ph^ fluoroborate, 

4-{4-butcoyphenyl)-2,6Kliphenylpyrylium fluoroantimonate, 

2-metfiyl-4 l 6-bis(4-metrK)xypr«r^)m fluoroborate, 

2,4,6-m(4-rr«thoxyphenyl)thiopyry^ perchlorate, 

2,4,6-tri(4-rnetrK)xyphenyl)thtopyry(ium fluoroborate, 

4-(3,4-dietf>oxvrpr«nyl)-2,6-bis(4-metr^ 
fluoroborate, 

4-(4-dimetrrylafTttrK)rjr^ perch- 
lorate, 

2-nitro-4,6-b&(4-dimetrryla^ fluoroborate, 
2-metrroxy^-naphtrryi-6-s^ fluoroborate, 
2-amino-4,6-bis(4-butoxyphen^ perchlorate, 

thropyrylium 



2-(4-nrtrophenyl)-4,6-bis(4-bu^ 
fluoroborate, 

2-rrydroxy-4,6-bis{4-dirratn^^ 
lorate, 



perch- 



2-(3,4-dichloroprKmylM-(4-ri^ 
m fluoroborate. 

The pyryiium or thiopyrylium salt which acts as a 
sensitizer is contained in the composition preferably in an 
amount of 0.0001 to 1 part by weight, more preferably 
0.001 to 0.5 part by weight based on 100 parts by weight 
of the ethyienic unsaturated compound. If the content of the 
sensitizer is less than 0.0001 part by weight, the composi- 
tion can not be cured by irradiation of visible ray; whereas 
the content of the sensitizer in excess of 1 part by weight is 
undesirable for the reason that the thickness of cured layer 
(Lfi, the depth of curing) is conversely descreased and for 
hygienic reason. 

Preferable content of the organic peroxide ranges with- 
in 0.001 to 10 parts by weight more preferably within 0.01 
to 5 parts by weight based on 100 parts by weight of the 
ethyienic unsaturated compound. If the content of the or- 
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ganic peroxide is less than 0.001 part by weight, the 
composition is not curable, whereas the content thereof in 
excess of 10 parts by weight is undesirable because of the 
deterioration of the properties of the cured product 

When a combination of the organic peroxide and the 
sensitizer is used as the light poryrnerization initiator, the 
composition may be readily cured by irradiation of a visible 
ray having a wavelength of from 400 nm to 700 nm for a 
short time so that the depth of curing reaches not teas than 
5 mm to make the ramposrtion well adapted for dental 
uses. 

The light polymerization initiator which is a poryperoxy 
ester containing a benzophenone group and represented by 
the aforementioned general formula [II] will now be de- 
scribed in detail. The poryperoxy esters represented by the 
general formula [II] wherein the carbon number in either of 
R ( or R,' exceeds 9 are inferior in rx>lyrnerization initiating 
function due to depression in active oxygen emission. Like- 
wise, the poryperoxy esters represented by the general 
formula [II] wherein the carbon number in either of R, or 
Ri' exceeds 13 are inferior in polymerization initiating 
function. A single or a combination of two or more pory- 
peroxy esters containing a benzophenone group and repre- 
sented by the general formula [II] may be used in the 
invention, and the specific examples thereof include 
3,^4,4'-tetra-(t-butyiperoxy^^ 
3 f 3\4,4'-tetra-(t-aiTiylrjer^ 
3,3\4,4'-tetra-(t-r»exylrjer^ 
3,3\4,4'-tetra-(t-c<^pera 
3,3\4,4 , -tetra-<cumylperoxvt»rbonyl 
3,3\4,4'-tetra-(r>isorjro^^ 
. ne, 

3,3'Klicarboxy-4,4^^ 
3»3 , -tfK»rboxy-4,4 , -d(t-hexyIper^ 
and mixtures thereof. 

The concentration of the poiyperoxy ester containing a 
benzophenone group and acting as a light rjolymerization 
initiator ranges preferably within 0.01 to 10 parts, more 
preferably within 0.05 to 5 parts, by weight, based on 100 
parts by weight of the ethytenic unsaturated compound. If 
the concentration of the light polymerization initiator is less 
than 0.01 part by weight, the composition is not curable. On 
the contrary, if the corcemration of the fight rxrfymenzation 
initiator is more than 10 parts by weight, the properties of 
cured product are adversely deteriorated. When a poiy- 
peroxy ester containing a benzophenone group is used as 
the light rx>lymerization initiator, the composition may be 
readily cured by irradiation of a harmless ray having a 
wavelength of from 350 nm to 450 nm within a short time 
period to form a colorless and beutiful cured product 

The light polymerization initiator which is a combination 
of the poryperoxy ester containing a benzophenone group 
and represented by the aforementioned general formula [II] 
and an a-diketone will now be described in detail. In this 
case, a single or a mixture of two or more poryperoxy esters 
each having a benzophenone group may be combined with 
a single or a mixture of two or more a-diketones. Any 
a-diketones may be used as tar as they have a peak 



70 



75 



20 



25 



30 



35 



40 



45 



50 



55 



absorption at a wavelength of 400 nm to 700 nm, the 
specific examples being biacetyl, 2,3-pentadtone, 
2,3-octadione, bonzyl, 4,4 , -dimetr>oxybenzyl, 4,4 , -oxybenzyl t 
4.4'-dichlorobenzyl, acenaphthenequinone, 
9,10-phenarrthrenequinone, (^rnptorquinone and 0 
-naphthoquinone. Any one or a mixture of the a-diketones 
may be used. Particularly preferred a-diketones are ac- 
enaphthenequinone, 9,10-rjhenanthreriequirione, camphor- 
quinone and ^-naphthoquinone. 

The rancerrtration of the a-diketone ranges preferably 
within 0.01 to 10 parts by weight more preferably within 
0.1 to 5 parts by weight, based on 100 parts by weight of 
the ethytenic unsaturated compound. If the concerrtration of 
a-diketone is less than 0.01 part by weight no appreciable 
effect is provided by the addition of a-diketone. On the 
corrtrary, H the concentration of a-diketone is more than 10 
parts by weight not all of the added a-diketone is dissolved 
in the composition or the depth of curing is decreased, in 
addition to undesirable hygienic influence. 

The concentration of the poiyperoxy ester having a 
benzophenone group ranges preferably within 0.01 to 10 
parts by weight more preferably within 0.1 to 5 parts by 
weight based on 100 parts by weight of the ethytenic 
unsaturated compound. If the conentratton of the poryperoxy 
ester having a benzophenone group is less than 0.01 part 
by weight no appreciable effect is provided by the addition 
of poiyperoxy ester having a benzophenone group. On the 
contrary, if the concerrtration of the poiyperoxy ester having 
a benzophenone group is more than 10 parts by weight not 
all of the added poryperoxy ester is Dissolved in the com- 
position or the properties of the cured product are deterio- 
rated, in addition to undesirable hygienic influence. 

When a combination of a a-diketone and the poiy- 
peroxy ester having a benzophenone group is used as the 
light polymerization initiator, the composition may be readily 
cured by irradiation of a viable ray having a wavelength of 
from 400 nm to 700 nm for a short time period in a depth 
of curing of not less than 4 mm so that the composition can 
be well adapted for curable dental applications. 

The light curable dental composition, according to the 
invention, may contain fine particles of irxxganic filler with 
or without the addition of high polymer surface active agent 
Preferable inorganic filler used for this rjurpose include 
apatite, soda-lime glass, silica, quarz, borosificate glass, 
alumina, barium oxide, zirconium glass and mixtures thereof. 
A particularly preferred irwrganic filler is a silica having an * 
average particle size of from 1 to 100 millimicrons and 
being treated to be hydrophobe with a treating agerrt, such 
as dimethyldtehlorosilane, texamethyldistlazane, octyi- 
trimethoxysilane or silicone oils, because such silica is im- 
proved in light transmrttance, water-proof property and thix- 
otropy. 

High polymer surface active agents which may be 
added to the composition of the invention include 
copolymers each being prepared by copctymerizing an un- 
saturated monomer represented by the following general 
formula [III] ot * : 
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wherein R, is a hydrogen atom or a methyl group, 

R, is an alkyl group having 1 to 4 carbon atoms or a 
phenyl group, and q is an integer of 1 to 15; with an 
unsaturated ester coporymerizable with the monomer repre- 
sented by the generaJ formula [ill]. The copolymers pre- 
pared from unsaturated monomers represented by the gen- 
eral formula fill] wherein q exceeds 15 are not preferred, 
since they become so hydrophiiic as to have tower water- 
proof property of the product composition. 

The specific examples of the unsaturated monomer 
represented by the general formula [III] are methoxyethyl 
(meth)acryiate, phenoxyetrtytoxyethyf (meth)acryiat8, 
methoxydiethyleneglycol (meth)acrylate, methox- 
ytetraethyieneglycol (methjacrylaie, isobutox- 

ytetraethyieneglycol (metfOacryiate, methox- 

ypolyethylenegtycol (meth)acrylate, ethoxypolyethyteneglycol 
(meth)acrylate, isopropoxypolyethyienegry(»l (rneth)acryiatB, 
»obuloxypolyethylefieg^ (meth)acrylate, phenox- 
ypolyethyteneglycol (meth)acrylate and mixtures thereof. In 
the specific examples listed above, -poly" means that n 
indicating the number of respecive repeating unit ranges 
within 5 to 15. 

Examples of the unsaturated ester copoJymerizabte with 
the eforernerttioned monomer [III] are (meth)acrylic esters 
such as methyl (meth)acrytate, ethyl (methJacryiatB, propyl 
(meth)acrylate, butyl (meth)acryiate and mixtures thereof. 

The aforementioned copolymers may be prepared 
through ordinary solution pcrtymerizaton, suspension poly- 
merization or emulsion polymerization while using a radical 
polymerization initiator. The molecular weight of the 
copolymer ranges preferably from 10 to 500 thousands in 
consideration of solubility and tower adhesiveness. 

The composition of the invention containing fine par- 
ticles of an inorganic filler and a high polymer surface active 
agent selected from the coptymers listed above, may be 
conveniently used as a denture base material and as a 
dental impression material. It is desirous that 30 to 80 parts 
by weight of one or more of the ethylene unsaturated 
compounds are mixed with 50 to 10 parts by weight of fine 
particles of one or more of the aiorementioned tmxganic 
filters and 0.1 to 20 parts by weight of one or more of the 
aforementioned copolymers acting as effective surface ac- 
tive agents. The expositions outside of the aforementioned 
mixing range are inconvenient since they form sticky pastes 
or form pastes which are too low rn viscosity to lose 
integrity for maintaining a stable shape, or eventually they 
cannot form pastes. The composition containing the dental 
filling material and the surface active agent as aforemen- 
tioned, provides a dental composition of paste form which 
has a pertinent viscosity and a low surface tackiness to be 
adapted for easy application in clinical operation, and is 
cured to form a cured mass having excellent mechanical 
strengths, particularly superior in bending strength. 

Any of the dental compositions prepared in accordance 
with the present invention, irrespective of the particular light 
porymenzation initiator selected from the group defined in 
the appended claims with or without the addition of the fine 
particles of any one or more inorganic fillers and high 
polymer surface active agents, may be further added with 
an additional dental filling material which has been ordinarily 
used in dental application. Examples of such a dental filling 
material are apatite, soda-lime glass, silica, quartz, silica 
gel, borosiiicate glass, synthetic sapphire (alumina) and 
radioactive opaque filling materials, such as barium oxide 
and zirconium glass. The dental filling material may be in 
the form of beads, micro-powders, micro-plates, fibers or 
whiskers, or may have irregular shapes. In addition to the 



aforementioned ingredients, an appropriate amount of other 
dental additives, such as binder resin, polymerization inhibi- 
tor, antioxidant stabilizer, pigment dye or viscosity increas- 
ing agent may be added, as desired. 

5 The dental composition of the invention may be mixed 

by a manufacturer, charged in a sealed container in the 
form of a composite liquid or paste, and supplied to a 
dentist or a .dental technician. A dentist or dental technician 
may apply or fill the dental composition of the invention thus 

10 supplied to mold the same, and then the composition is 
irradiated by a light from an irradiation source to be poly- 
merized and cured. 

Any irradiation sources may be used for curing the 
composition of the invention as far as they genreate lights 

75 having wavelengths within the aforementioned range, exam- 
ples being a xenon lamp, a halogen lamp, a tungsten lamp, 
a fluorescent lamp, a metal halide lamp and a laser. 

The dental composition of the invention can be cured 
readily by irradiation of Bght within a short time period to be 

20 cured deeper in the interior region and is superior over the 
conventional composition using a polymerization initiator 
sensitive to uttaraviotet rays. The dental composition of the 
invention is further improved in safe and easy handling in 
clinical operation and in economical viewpoint 

25 

EXAMPLES OF THE INVENTION: 

The present invention will now be described more 
specifically by referring to examples and comparative exam- 
30 pies. It should be noted here that the following examples 
are given by way of example only, and the present inven- 
tion is not limited thereby. 

Examples i to 10 

35 

Each of the compositions, as set forth in Table 1, was 
prepared by dssohnog the organic peroxide and the sena- 
tor in the ethytenic unsaturated compound. The composi- 
tion was fated in a polyethylene cylinder having an inner 

40 diameter of 10 mm and a depth of 10 mm. and exposed to 
visible light ray irradiation from a halogen lamp (150 watts, 
Maximum Irradiation Wavelength: 490 nm) placed above 
the cylinder by 3 mm to be polymerized and cured. The 
depth of curing of each composition was measured using a 

45 micrometer after the polymerized and cured mass was 
recovered from the cylinder and the unreacted material was 
removed therefrom. The results are shown in Table 1. 

As should be appreciated from the results set forth in 
Table 1, the dental compositions of the invention were 

50 cured deep in the interior region (to have a depth of curing 
of not less than 5 mm) by exposure to visible lights for a 
short time period of about 20 to 40 seconds to be adapted 
for use as excellent teeth crown materials, denture base 
materials, dental cementing repair materials and dental im- 

55 pression materials white being improved in handling ease in 
clinical operation. 

Comparative Example 1 

60 A test sample was prepared by using 100 parts by 

weight of triethytenegrycoi dimethacrylate as the ethytenic 
unsaturated compound, 2.0 parts by weight of di- 
t-butylperoxy isophthalate as the organic peroxide, and 0.5 
part by weight of benzoinisobutyl ether as the sensitizer 

65 without the addition of a pyrytium salt compound. The other 
procedures were similar to Examples 1 to 10. The test 
sample was not cured after being exposed to light irradiation 
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f for 180 seconds, after alL The result revealed that the 

| composition containing a conventional sensitizer sensitive to 

| ultraviolet rays was not cured by exposure to visible light 

? irradiation. 



70 



75 



20 



25 



30 



5 

j 35 

I 

40 



I 



50 



55 



60 



65 



8 



RN.snonm <pp m7fi777A? i > 



13 



0 176 777 



14 



-O 

co 



<+J 


w 




















o 


c 


r" — s 




co 


LO 


LO 


CO 




CNJ CO 


CO 






— 1 


E 




















JZ 


L, 








CO 


CO 


CO 


r- 


co 


CO 


CO 


4J 


3 






















a- o 






















co 
























CQ 
























03 
























u 

























3 


0) 


(J 


O 


o 


LO 


o 


CO 


o 


LO o 


o 


CO 


W 


E 


CO 




co co 




CO 


CSJ 


CO CNJ 


CO 


CO 


o 


•n 


w 










































x 
























1x3 
























o 






























o 


o 


CO 


o 


CSJ 


LO 


o o 


LO 


O 












t— ( 






CO 






CSJ 


L 






o 


o 


CD 


o 


CD 


O 


o o 


O 


O 


CO 






• 


• 




• 


* 


• 




• 


* 


N 




«rS 


o 


o 




o 


O 


o 


o o 


o 


CO 


•H 




r> 




















■"^ 
























*H 




jj 


[=- 


IX- 


Lu 


tx- 




fct. 


Ex. fe. 




CO 






r— « 


Q_ 


E— • 


CL 


t— 


f— 


E— • £-i 


f— > 


CL 






CD 




Jr. . 


32^ 




5=: 


3Z 




CL 


• 


CO 




CL 


CQ 


CQ 


CC 


CQ 


co 


CQ 


co s: 




CO 


C/3 


















































** 


# 


























o 


o 




CO 


LO 


O 


O LO 


o 


o 




CO 
























' O 




* — t 




CSl 






CSl 


CSJ 






"r- 




>^ 




















0 


"x 


r> 




















hfl 


w 




o 




r— 


CQ Lu 


C3 


t>: co 


LX- 


CQ 






■ T 


O- 






CO 


HH 


CQ 


LO CO 




CO 




CD 


L. 


^ 


35 


<— 1 


t— ca 




CM i— 


r— » 


f— 




CL 












CL 






CL 




















































-a 


















o 


CO 




Q) 














O 


O 


O LO 


LO 


















LO 


LO 


lO 






ca 


















■< 




















-< 
























3: 






55 


















CD 


G 


cr co 






JO 


« 




o 


o 


o 


co 


1 


i 


i 




O 


w 




:> 




o 


co 


CO 


W 


to 


OS ©2J 




o 


c 














•H 


— 1 








C 


5s 










-O 


-O 


^ <o> 


CO 








JO 














LO 


LO 




o 


o 




CD 


CD 


CD 


cd 


c*3 


oS 








•H 


CL 


—3 


CO 


CO 


CO 


CO 






-<: 






c 


E 


L 










O 


O 


o z 






CO 


O 


c 










in 


LO 


LO CD 


CD 

i 






O 
















1 




>v 




s^ 










CD 


CD 


CD 


eft 




_C 














CO 


CO 


CO — . 


•H 




—3 


















-O 


-O 




LLI 














































o 










Csl 


CO 




in 


CO 


co 


02 










<D 


CD 


o 


CD 


0) 


CO 


o o 


0) 


0) 








•— i 


— I 


r-H 


r— ( 


r-H 


r-H , 


i— • i 


r— l 


r-H 








CI. 


a. 


CL 


a 


a 


a 


c a 


a 


CL 








£5 




E 


E 


E 


E 


E E 


E 


E 








o 




CO 


CO 


CO 


CO 


O CO 


CD 


CO 








X 




X 


X 




X 


X X 


X 


X 












lz2 




lz2 









CD 
j-> 
CO 

CO E 
C CO 
CO -O 
CL U 
O CO 
Li O 
CL «ri 



>» Q) 

C C 

CO CO 

CL >» 



>> 
X 

o 

CL 
O 
L. 

a 

>, 
x 
o 

L. 

-a 



a) 

E 
CO 
X 
CD 



C f 

-L5 >, 

co x 

H O 
>» »-H 
L, >> 
O L. 
CO o 
JZ CO 
a-J jc 
C -LJ 
E CO 
—I E 
Q I 
CO 

— : w 
o I 
O 

>»L_I 

1 w 
to 

c ca 

CO I 

t-H CSJ 

>> - 

JC CNJ 

c 

Li -< 

£— 3ET 
CD 
i 

• • CO 

CD •H 
CO «Q 



CO 

o 



CO CO 

E 4J 

-H CO 

L< i— I 

4J >, 

I Li 

o 

i co 

CM JC 

cnj co 

I E 

i— 1 ""-n 

>> Q 
jC 

4J •— ! 

CO O 

5s O 

X >» 

O r—i 

>> CO 

Lt C 

0 CO 
CO I 

J= >» 
ac 

E CO 

1 E 
OJ CO 

I X 

— I CO 



CO 

c 

CO 
JZ 
JJ 

0) 

>> 

X 

o 

CL 

o 

L, 
CL 
>> 
X 
O 
Li 

-a 
>» 

T 

Cvl 
I 

>» 
X 

o 

>» 

u 

0 CO 
co ~a 

JZ »H 
X 

c o 

E L 

1 CO 

CO CL 

W »— I 
■H 5s 
CQ O 

I Li 

•* CD 



>> 
X 

CO o 
*r> u 

•H CO 
X CL 
O "H 
L, -O 
O r-H 

CL >» 

O 

5s -O 
O I 

C | 
CO —I 
CC CQ 



CO 

c 
o 
c 

CO 
-C 

a 
o 

- c 
CO 

CO CO 

c 

CO 

r-H X 

5s CO 
C -C 

O N 

JQ 

Li X 

CO o 

o u 

5s CO 

X Cm 
O r ~H 
Lt >» 
CO O 
CL N 

r—l C 

5s CO 

0 ^— ' 
-Q — [ 

I 

4J | 
S->- LO 
CC I 
Li CSJ 
I 

CO r-H 

f- >> 

1 -C 

* 4-> 
•sT CO 

I 

CO LO 
•« •> 
CO Csj 



CD 

CO 
Li 

O CO 

O CO 

Lt L, 

o o 

O JQ 

r-t O 

Cx- L, 

O 

E O 

O r-H 

-H Li. 
r-H 

5s S 

L. 3 

5s *H 

CL H 

O 5s 

•H Li 

JC 5S 



5s 5S 

c c 

CO CO 

JC JZ 

CL CL 

5s 5s 

X X 

0 o 

JC JC 

+-> 4-» 

CO CO 

E E 

1 I 



x/i eft 
»H »H 
-O JQ 

I I 
CO CO 



CO 

4-> 
CO 
Lt 

CO O 

jj H 

CO JC CO 

L C -P 

O Li CO 

JQ CO C 

O CL O 

Li E 
O E 

3 O -P 

r-H -H C 

CX- r-H CO 

5S O 

£ Lt Li 

O 5s O 

-H CL a 

r-H O »-l 

>>H fc- 
L. JC 

5s -P E 

CL r-H O 

0 >»H 

•H C r-H 

JO CO 5s 

-«-> JZ U 

r-H CL 5s 

5s -H CL 

C TD r-H 

<0 I 5s 

JZ CO c 

CL * CO 

1 csj jz 

i cu 

I 



^S r-H *U 

— I 5s I 
5s C CO 
CO)* 
CO JC CSJ 
JC CL f 
CL O «*-s 
5s C r-H 

X -ri 5S 

C C O E C 
CO CO jC CO CO 



csj csj 
I I 



5s 5S 



a. a 

5s 5s 
X X 

o o 

4J> 

0 o 
co ca 

1 i 

^ ' w 

i i 



CO 5s CL 

E JC 5s 

1 ~> X 

V 0) o 

E 4J> 

W -H O 

•H CQ CQ 

CQ I I 

to '-s s-x 
* I I 

CSJ ^ ^j* 



•• ts3 

-^CCL • ♦ •• Ll. ••LOtx-Lx.Cx.CL" < C 
QacOOHCCNJhCLhhCl 
EOLCLCCCSrCLCLCL 
C = JCjCLHCLCQc3E<a 



* 



BNSDOCID:<EP 0176777A2 I > 



15 



0 176 777 



16 



Examples 11 to 20 

Each of the compositions, as set forth in Table 2, was 
prepared by dissolving the light polymerization initiator in the 5 
ethyienic unsaturated compound to prepare a dental com- 
position. The composition was fitted in a polyethylene cyl- 
inder having an inner diameter of 10 mm and a depth of 10 
mm, and exposed to light ray irradiation from a halogen 
lamp (15 volts, 150 watts) placed above the cylinder by 3 70 
mm, while filtering off the light rays having wavelengths of 
less than 350 nm, to be polymerized and cured. The depth 
of curing of each cornposrtion was measured using a mi- 
crometer after the polymerized and cured mass was recov- 
ered from the cylinder, and the unreacted material was 75 
removed therefrom. The results are shown in Table 2. 

Examples 21 and 22 

Each of the compositions, as set forth in Table 2, was 20 
prepared by dissolving the light polymerization initiator uni- 
formly in the ethyienic unsaturated compound, followed by 
adding a silica gel base filler (AEROSIL R 972 (produced 
by Aerosil Nippon K.K.), and then kneaded by twin rollers 

26 



30 



35 



40 



45 



SO 



55 



60 



65 



to obtain a dental composition. The depth of curing was 
measured generally following to the procedures as con- 
ducted in Examples 11 to 20. The results are shown in 
Table 2. 

As should be appreciated from the results set forth in 
Table 2, the dental compositions of the invention were 
cured deep in the interior region (to have a depth of curing 
of not toss than 5 mm) by exposure to lights deprived of 
those having the wavelengths of less than 350 nm for a 
short time period of about 30 to 60 seconds to be adapted 
for use as excellent teeth crown materials, denture base 
materials, dental cementing repair materials, caries- 
preventive materials and dental impression materials wrwte 
being improved in handling ease in clinical operation and 
having good appearance without coloring. 

Comparative Examples 2 and 3 

Similar tests, as in Examples 11 to 20, were conducted 
while using triethyleneglycol dimethacrylate as the ethyienic 
unsaturated compound which was added with the pofy- 
merization initiators as set forth in Table 3. 

As will be seen from the results set forth in Table 3, 
the compositions containing conventional light polymeriza- 
tion initiators sensitive to uftravrotet rays are not curable 
even when they are exposed to light rays deprived of the 
light fractions having the wavelengths of less than 350 nm. 
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Examples 23 to 34 

Each of the compositions, as set forth in Table 4, was 
prepared by dissolving the a-diketone and the potyperoxy 
ester containing a oenzophenone group uniformly in the 
ethylene unsaturated compound. The composition was filled 
in a polyethylene cylinder having an inner diameter of 10 
mm and a depth of 10 mm, and exposed to visible light ray 
irradiation from a halogen lamp (15 vorts, 150 watts) placed 
above the cylinder by 3 mm to be polymerized and cured. 
In order to learn the precise effect of irradiated tight 
wavelength, the top of the cylinder filled with the composi- 
tion was covered with a color glass filter through which the 
visible light rays from the halogen tamp was irradiated. The 
used color glass filters were Y-43 and Y-47 (produced by 
Toshiba Co., Ltd.) which had, respectively, the limit trans- 
mission wavelengths of 430 nm and 470 nm. The light 
intensity passing through the color glass filter was reduced 
to about one half to one third of the intensity of light emitted 
from the lamp. The depth of curing of each composition 
was measured using a micrometer after the polymerized 
and cured mass was recovered from the cylinder and the 
unreacted material was removed therefrom. The results are 
shown in Table 4. 

As should be appreciated from the results set forth in 
Table 4, the dental compositions of the invention were 
cured deep in the interior region (to have a depth of curing 
of not less than 5 mm) by exposure to visible lights for a 



short time period of about 20 to 40 seconds. It should be 
also apparent from the results irradiated by light rays pass- 
ing through color glass filters that the compositions of the 

5 invention can be effectively cured by extremely safe light 
rays having the wavelengths of not less than 470 nm 
although the intensity of light rays passing through the filters 
is lowered to one half to one third of the light intensity 
originally emitted from the lamp. As will be understood from 

w the foregoing, the dental corrtpositions prepared in accor- 
dance with the present invention have superior properties 
when used as teeth crown materials, denture base materi- 
als, dental cementing repair materials and dental impression 
materials while being improved in handling ease and safety 

75 in clinical operation. 

Comparative Examples 4 to 7 

Each test sample was prepared by mixing the compo- 
20 nents in the ratio as set forth in Table 5, and subjected to 
tests conducted similarly as in the preceding Examples. As 
will be seen from the results shown in Table 5, a composi- 
tion merely containing an a-diketone or containing a com- 
bination of an a-diketones with an ordinary organic peroxide 
25 cannot be cured by visible light rays to a satisfactory curing 
level. 
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Example 35 



Preparation of High Polymer Surface Active Agent 

Each of the copolymers (high polymer surface active 
agents) having the compositions as set froth in Table 6 was 
synthesized by an ordinary solution poryirorization process 
while using benzene as the solvent and 
2 t 2'-azcoisisobutytonitrile as the polymerization initiator. 
Each copolymer was precipitated in petroleum ether to 
obtain a solid coporymer. The weight average molecular 
weights of respective copolymers were determined by the 
GPC method. The results are shown in Table 6. 

Preparation of Paste: 

Each of the light polymerization initiators and the 
copolymers, as set forth in Table 7, was dissolved in each 
mixture of ethytenic unsaturated compound to prepare a 
solution. The solution was charged m a kneader and slowly 
added with fine particles of an inorganic filler, and the 
admixture was kneaded at atmospheric pressure for 2 
hours. The admixture was kneaded under a reduced pres- 
sure of lower than 20 mmHg for additional 2 hours to be 
defoamed, whereby a dental composition paste of the 
present invention was prepared. 



wherein F is the maximum stress applied to the test 
piece, I is the distance between the fulcra, ^ is the width of 
the test piece, and & is the thk&ness of the test piece. 



Test 



Each of the pastes having the compositions as set forth 
5 in Table 7 was irradiated by a projector including four 
halogen lamps (150 watts) for a pre-set time period to 
obtain a cured product The tackiness of the surface of the 
molded paste was observed by a finger touch test The 
bending strength of each cured product was measured by 
10 the method which will be described in detail hereinbetow. 

Method for the Determination of Bending Strength: 

A cettophane sheet was laid over a stainless steel 

?5 mold, and a paste was charged and pressed on the cello- 
phane sheet The top face of the paste was covered by 
another cellophane sheet and then a slide glass plate was 
put thereon under a pressure to flatten the surface so that 
the molded paste had even side faces. Thereafter, the sfioe 

20 glass plate was removed, and the paste was exposed to 
irradiation of lights from the top face thereof for 2 minutes to 
be cured sufficiently. The cured product or resin was put 
out of the mold, and machined to form a test piece having a 
length of 60 mm, a width of 10 mm and a thickness of 2.5 

25 mm. The test piece was aged for 24 hours after the light 
por/rrwrizatwn, and then subjected to bending test The 
span between the fulcra carrying the test piece was set to 
50 mm, and the bending strength of the test piece was 
measured at a cross-head speed of 2 mm/mm using a 

30 bending tester attached to an autograph. The bending 
strength was calculated from the following equation of: 



3FI 



2bd* 



40 

Bending strengths of five test pieces for each cured 
resin were measured and the average value thereof was 
calcurted. The results are shown in Table 7. 



Bending Strength [kg/cm 2 ] = 
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Claims 



from the group consisting ot 



1. A light curable dentaJ composition comprising an 
ethytenic unsaturated compound and a light polymerization 
initiator, said light polymerization initiator being selected 



(a) a combination of an organic peroxide and a pyryiium salt 
compound represented by the following general formula [I] 
ot 




Y0 



wherein R„ R, and R, each represents the same or 
different atom or group and stands for a hydrogen atom, a 
halogen atom, an alkyi group, a haloalkyl group, an ethyieyi 
group, a styryi group, an alkoxy group, a phenyl group, a 
naprtthyj group, an alkytphenyl group, an alkoxyphenyi 
group, a hydnoxyphenyi group, a hatophertyl group, a 
nrtrophenyl group, an aminophenyl group, an al- 
kytaminophenyi group, an alkylaminostyryi group, a nitro 



20 



25 



group, an amino group or a hydroxy! group, X stands for an 
oxygen atom or a sulfur atom and Y for an anionic func- 
tional group; 

(b) a pofyperoxy ester containing a benzophenone group 
and represented by the following general formula [II] ot 



o 

8 



K^-O-O-C 



O 
I 



C-O-O-Rx 




45 



wherein R, and R,' each represents the same or different 
group and stands for a tertiary alkyl group having 4 to 8 
carbon atoms or a tertiary aralkyl group having 9 to 12 
carbon atoms and R, and R/ each represents the same 
or different atom or group and stands for a hydrogen atom, 
a tertiary alkoxy group having 4 to 8 carbon atoms or a 
tertiary araikytoxy group having 9 to 12 carbon atoms; and 

(c) a combination of said poryperoxy ester represented by 
the general formula [II] and an a-diketone. 

2. A composition as claimed in claim 1, wherein 0.0001 to 
1 part, by weight of said pyryiium salt compound is added 
to 100 parts, by weight, of said ethytenic unsaturated com- 
pound 

3. A composition as claimed in claim 1, wherein 0.001 to 
10 parts, by weight of said organic peroxide is added to 
100 parts, by weight of said ethytenic unsaturated com- 
pound. 

4. A composition as claimed in claim 1, wherein 0.01 to 10 
parts, by weight of said poryperoxy ester containing a 



benzophenone group is added to 100 parts, by weight of 
said ethylenic unsaturated compound. 

5. A composition as claimed in claim 1, wherein 0.01 to 10 
parts, by weight of said a-diketone is added to 100 
part^by weight of said ethylenic unsaturated compound. 

6. A composition as claimed in claim 1, wherein said 
ethylenic unsaturated compound is a derivative of 
methacryiic acid. 

7. A composition as claimed in claim 6, wherein said 
derivative of methacryiic acid is selected from the group 
consisting of trietrryleneglycol dimethacrylate, hex- 
amethyteneglycol dimethacrylate, 
2,2-bis[4-(3-nr>ethacryloxy-2-r^ 

e, di-2-methacryiox^ 
d [carbamate, 

1 ,2-bis(3-nrethacrytoxy-2-h^ 

tetrarnethytofmethane trimethacrylate, 

2 t 2-bis(4-methacrytoxyethcx^ poty- 

propyieneglycol dimethacrylate, methyl methacryiate, 

2,2-b^4-methacrytoxy-pofyeth^ and mix- 
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tures thereof. 

8. A composition as claimed in claim 1, wherein said 
organic peroxide is an organic compound having one or 
more oxygen-oxygen bonds in one molecule, and preferably 
is selected from the group consisting of lauroyl peroxide, 
benzoyl peroxide, ditertiarybutyldiperoxy isophtheJate, 
2,5-dirratlTyl-2,5-di(befizoylpe^ 

3,3 \4,4*-tGtra-(tertiarybutylpefCocycarbo 
tertiajybutyiperoxybenzoatB, tri(tertiarybutyfperoxy) trimel- 
litate and mixtures thereof. 

9. A composition as claimed in claim 1, wherein said 
pyrylium salt compound is selected from the group consist- 
ing of 4-(4-bute»cyprtenyl)-2,6-b^ 

fluoroborate, 

4-(4-butoxyphenyl)-2,6-bis(4-rr©^ 

fluoroborate, 2,6-bis(4-methoxypherrylH-phenv^ 

fluoroborate, 4-(4-butDxyphenyl)-2,6Kiiprwnylpyryiium 

fluoroantimonate, 

4-{4-dimethylaminophenyl)2,8-d!pher^ perch- 
torate, 2,4,6-m*(4-methoxyphen^ fluoroborate 
and mixtures thereof. 

10. A composition as claimed in claim 1, wherein said 
polyperoxy ester containing a benzophenone group is se- 
lected from the group consisting of 
3,3\4,4 , -tetra-(t-butylperoxy-carbony^ 
3,3\4,4'-tetra<t-amylperoxycarb^ 
3,3\4,4 , -tetra-(t-hexylperoxycarbonyl)ben^ 
3,3\4,4^tetra-(t-octyiperoxyc^^ 
3,3\4,4Metra-(cumytpera 
3,3\4,4Metra-(p-isorjropylcunty^ 
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ne, 

3,3 , -dk»rtXDxy-4,4 , -di(t-b<Jtylp«roxyca^ 
W'-dtairboxy^-dKt-hexyir^^ 
and mixtures thereof. 

11. A composition as claimed in claim 1, wherein said 
a-diketone is an a-diketone having a peak absorption at a 
wavelength of from 400 nm to 700 nm, and preferably is 
selected from the group consisting of acenaphtheoequrtooe, 
9.10-phenanthrenequinone, camprrcrquinone. fi 
-naphthajuinone and mixtures thereof. 

12. A composition as claimed in claim 1, further comprising 
fine particles of an inorganic filler, which preferably is se- 
lected from the group consisting of apatite, sode-lirne glass, 
quartz, silica, borosilicate glass, alumina, barium oxide, zir- 
conium glass and mixtures thereof. 

13. A composition as claimed in claim 12, wherein said 
silica has an average particle size of from 1 to 100 mil- 
fimicrons and is treated to be hydrophobic with a treating 
agent selected from the group consisting of dmethyldich- 
lorosilane, hexamethytdisiiazane, ocnyttrimethoxysilane and 
silicone oils, 

14. A composition as claimed in claim 1, further comprising 
fine particles of an inorganic filler and a high polymer 
surface active agent, said high porymer surface active agent 
being a copolymer which is prepared by cc>polymerizing an 
unsaturated monomer represented by the following general 
formula [III] of: 



Rx 
I 

CH 2 = C - C00-(CH 2 CH 2 Q)„ -R 2 



wherein R, is a hydrogen atom or a methyl group, R, is 
an alkyi group having 1 to 4 carbon atoms or a phenyl 
group, and n is an integer of 1 to 15; 

with an unsaturated ester copoiymerizable with said mon- 
omer represented by the general formula [III]. 

15. A composition as claimed in claim 14, comprising 30 to 
B0 parts, by weight of said ethyientc unsaturated com- 
pound, 10 to 50 parts, by weight of said fine particles of 
said inorganic filler and 0.1 to 20 parts, by weight, of said 
copolymer. 

16. A composition as claimed in claim 14, wherein said 
unsaturated monomer represented by the general formula 
[III] is selected from the group consisting of mettoxyethyl 
acryiate, rnethoxyethyl rnethacryiate, methox- 
ydiethyteneglycol acryiate, rrwthoxydielrtylef>e^}yc^ 
rnethacryiate, rnettoxytetraeth^ acrytate, methox- 
ytetraethyleneglycol rnethacryiate, isobutox- 
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yporyethyleneglycol acryiate, isorjutoxyrjoryethylene 
metriaaylate, metrwxyporyethylenep^ acryiate, methox- 
ypoiyetrryienegiycol rnetracrylate, phenox- 

yprtyethylerieglycol acryiate, pr»enoxypc4yetriyler«g^ 
rnethacryiate and mixtures thereof. 

17. A composition as claimed in claim 14, wherein said 
unsaturated ester copotymeiizabie with said monomer re- 
presented by the general formula [III] is selected from the 
group consisting of acrylic esters, methacryiic esters and 
mixtures thereof, preferably from the group consisting of 
methyl acryiate. methyl rnethacryiate, ethyl acryiate, ethyl 
metriacryiate, butyl acryiate, butyl rnethacryiate and mix- 
tures thereof 

18. A composition as claimed in daim 1, wherein said 
peroxide used in combination with said pyrylium salt com- 
pound is a polyperoxy ester containing a benzophenone 
group and represented by the following general formula [II] 
of: 
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wherein R, and R,' each represents the same or different 
group and stands for a tertiary alkyl group having 4 to 8 
carbon atoms or a tertiary aralkyi group having 9 to 12 
carbon atoms and R, and R,' each represents the same 
or different atom or group and stands for a hydrogen atom, 
a tertiany aikoxy group having 4 to 8 carbon atoms or a 
tertiary araikytoxy group having 9 to 12 carbon atoms. 
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